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Main Author Talk Title 

Overview 

•  Quantum states of light: How can we detect them? 

 

•  Photon number resolved detection by TMD 



Quantum states of light 

Wigner functions 



Quantum states of light 



Continuous variables: quadratures 

Phase space diagrams: single mode field 

α: complex field 
ϕ: optical phase 

uncertainty 

x: amplitude- 
y: phase-  quadrature 



CV and squeezed states 

coherent states 

squeezed states 

entangled states 



Detection of light 

Detection of single photons? 



Theory of photo detection 



Homodyne tomography 

Detection scheme 



Homodyne detection 

measurement of the 

marginal distributions 

Reconstruct:  
photon number statistics 

G. Breitenbach, 
S. Schiller & J. Mlynek, Nature 
387, (1997)  

Phase space representation 



Detection methods 

Detection scheme 

Detection with single photons 



Basic properties of APDs 

How much information can be gained with APDs? 



Attenuation of light 

single photons 
 

detection probability 

linear treatment of attenuation 

bright beams: coherent states 
 

intensity 

! 

ˆ n = " ˆ n 



Detection of coherent states 

Attenuation mesurements with well-calibrated η	





How fast can APDs be operated? 



Overview 

•  Quantum states of light: How can we detect them? 

•  Photon number resolved detection by TMD 



• Input light  in a single mode 
 

• Divide input among many modes 
 

• ensure that there are many more output modes than input photons 
 

• count “clicks” (I.e. presence or absence of photons) in the output modes  
 
 

Photon number resolution 

! 

ˆ U • • • 
input 
pulse 

APDs 

linear network 

• • • 

photon number  
distribution 

n!

“click“  statistics 

kp
Kok and Braunstein, Phys. Rev. A 63, 033812 (2001). 



Time multiplexed detector (TMD) 

Distribute photons in temporal modes	



Advantages v  Off the shelf components 

v  Fewer resources that cascade 

v  No cryogenics 

v  Low dark counts 

v  Relatively high efficiency 
 

D. Achilles, Ch. S., C. Sliwa, K. Banaszek, I. A. Walmsley, Opt. Lett. 28, 2387 (2003).  
D. Achilles, Ch. S., C. Sliwa, et. al., J. Mod. Opt. 51, 1499, (2004). 



TMD characteristics 

3 coupler multimode TMD (2x4 modes) 

Characteristics of the 2x4 modes TMD 
using bright light and a fast photo diode 

carefully determined 
delay lengths (100ns) 

varying coupling 
ratios 



TMD characteristics 

Classical light input - APD detection 

channel 1 output 

channel 2 output 

trigger 

Result: 
detected statistics  
for coherent light 

Analysis:   
fast electronics  
and counting software 



TMD data acquisition 

various measurement 
statistics 

parameter for 
convolution matrix 

click statistics 
conditioned &  
unconditioned 

histograms 

correlation 
matrix 



Modelling the TMD 

Convolution matrix C :  

photon number  
distribution 

n!
detected 

“click“ statistics 

kp
C ⋅ L 

!" "p = C L

takes into account imperfect splitting of photons 

Loss matrix L :  
takes into account loss of photons 
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Dealing with losses 
 For single input mode to TMD: losses are independent of the convolution 

Binomial distribution: 
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Inversion 
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! 
" = L#1C#1 ! p 
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LC ! " #
! p est = 0
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estimation 
method 

direct 
inversion 

Coherent light statistics 


